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The Campbell# ventilator, a previously described fluidic controlled anaesthesia ventilator, was designed by Or. D. Campbell in 1974 1 and has established a reputation for reliability and ruggedness. The ventilator can provide both controlled ventilation and positive end-expiratory pressure (PEEP), but not intermittent mandatory ventilation (IMV) or continuous positive airway pressure (CPAP). Without modification, it has limitations for ICU or recovery room use where these latter modalities may be required. Several IMV circuits have been used with the ventilator, but usually involve exhaled gases returning to the ventilator along an expiratory limb, to be vented through the ventilator housing. When humidifiers are used, these circuits have the potential problem of 'rain-out' accumulation, requiring frequent drainage, as well as excessive expiratory resistance.
A single-limb system with the exhalation valve positioned close to the patient, and the patient exhaling directly to the atmosphere, eliminates these problems and provides a lighter, more easily sterilised circuit. This system was designed and tested, and a replacement 'head' for the ventilator was produced inlcuding the valves, bellows and associated circuitry. This ICU head can be attached to any existing Camp ell ventilator, replacing the original head and bellows assembly (Figure 1). The system was originally designed for use in a cardiothoracicl . neurosurgical recovery ward for short-term ventilation, but has proven satisfactory in an intensive care environment for prolonged ventilation.
GENERAL DESCRIPTION
The patient circuit is separate from the driving gases and is supplied by an oxygen-air blender, with a flowmeter and reservoir bag in line. These lead through an Ambut one-way valve to the bellows and in turn, through another one-way valve to the patient and exhalation valve ( Figure 2 ). In the original ventilator design, excess gases were vented through a valve in the bottom of the bellows. This has been removed in the ICU model.
The blended gas inflow and the reservoir bag attach to an arm on one side of the head while the patient circuit attaches on the opposite side. The exhalation valve is actuated through a seperate small bore tube from the driving gas supply, which provides the pressure required to close the exhalation valve during inspiration, and to provide PEEP and CPAP. An air-entrainment valve is also incorporated which enables the ventilator to continue to deliver air to the patient in the event of loss of blended gas supply ( Figure   3 ). The blender and flowmeter used on the prototype were mounted on to the floorstand of the ventilator along with the heaterhumidifier. The exhalation valve assembly, at the patient end of the circuit, incorporates a mushroom-type valve to produce PEEP, CPAP and inspiratory pressure limitation (Figure 4) .
The ventilator alarm has a bar-graph display of airway pressure and pressure limits. The upper and lower pressure limits are independently variable, and the alarm can be switched to a CPAP mode so that it will sound if the pressure drops below a given value. Nebulisation can be easily achieved by incorporating a Birdt or other similar nebuliser into the patient circuit and utilising a second flowmeter to provide gas flow at about 8 litres/minute to nebulise the liquid.
FUNCTIONAL EVALUATION
The new ICU head, constructed of Delrin and polycarbonate, is supplied with four bolts which can be turned by hand and allow rapid removal and replacement (see Figure 1 ). The head, with attached bellows, drops into place once the original Campbell head is removed. The new bellows incorporates a quickdisconnect system for easy removal and cleaning.
The functional limits of the new ICU system are essentially those of the Campbell ventilator itself. Ventilator rates of 4 to 40 per minute are readily achievable with variable inspiratory and expiratory times. Tidal volume is adjustable from 50 to 1000 ml and maximum minute ventilation is about 25 litres/minute. Pressure limiting is variable up to 60 cm H,O and PEEP or CPAP is adjustable from 0 to 20 cm H 2 0.
With a 6-litre reservoir bag attached and a fresh gas flow of 15 litres/minute, PEEP is usually well maintained during ventilatordelivered and spontaneous breaths. With high minute volumes, however, PEEP may drop during spontaneous inspiration and this can t Bird Corporation, Palm Springs, CA, U.S.A. be minimised by increasing blended gas flowrate and/or increasing the capacity of the reservoir bag.
COST
The new attachment, with patient circuit, is expected to sell for around A$1000, which brings the all-up cost of the Campbell ICU ventilator with blender, humidifier and stand to around A$10,000, less than half that of most sophisticated imported 'made-for-ICU' ventilators.
In conclusion, this simple and reliable attachment allows the ready conversion of Campbell anaesthesia ventilators into machines which fulfil many intensive care requirements. The attachment offers an attractive alternative where specialised ventilators are not necessary. The low cost and ruggedness of Campbell ventilators make them a serious contender for general use.
